Abstract-The main objective of this study is to develop algorithms for calculating the air surface temperature (AST). This study also aims to analyze and investigate the effects of greenhouse gases (GHGs) on the AST value in Peninsular Malaysia. Multiple linear regression is used to achieve the objectives of the study. Peninsular Malaysia has been selected as the research area because it is among the regions of tropical Southeast Asia with the greatest humidity, pockets of heavy pollution, rapid economic growth, and industrialization. The predicted AST was highly correlated (R = 0.783) with GHGs for the 6-year data (2003)(2004)(2005)(2006)(2007)(2008). Comparisons of five stations in 2009 showed close agreement between the predicted AST and the observed AST from AIRS, especially in the wet season (within 1.3 K). The in situ data ranged from 1 to 2 K. Validation results showed that AST (R = 0.776-0.878) has values nearly the same as the observed AST from AIRS. We found that O 3 during the wet season was indicated by a strongly positive beta coefficient (0.264-0.992) with AST. The CO 2 yields a reasonable relationship with temperature with low to moderate beta coefficient (-0.065 to 0.238). The O 3 , CO 2 , and environmental variables experienced different seasonal fluctuations that depend on weather conditions and topography. The concentration of gases and pollution were the highest over industrial zones and overcrowded cities, and the dry season was more polluted compared with the wet season. These results indicate the advantage of using the satellite AIRS data and a correlation analysis to investigate the effect of atmospheric GHGs on AST over Peninsular Malaysia. An algorithm that is capable of retrieving Peninsular Malaysian AST in all weather conditions with total uncertainties ranging from 1 to 2 K was developed.
Introduction
Climate change is a prominent issue that has been widely discussed throughout the world. The immoderate emission of global greenhouse gases (GHGs) into the atmosphere is one of the crucial causes of climate change. The significant external variables that control climate include solar irradiance, aerosols, and GHGs of O 3 , NO 2 , CH 4 , H 2 O vapour , and CO 2 (LAU et al. 2009 ). The emission of GHGs and other factors, such as changes in land use, contribute less to global warming (1 %) than the solar input. However, this slight alteration to the energy budget is still important and contributes to the observed increase in atmospheric and oceanic temperature (MATHER 2004 ). The following are dominant infrared-emitting and absorbing gases that have dissimilar influences on the greenhouse effect in the Earth atmosphere: CO 2 (9-26 %), CH 4 (4-9 %), O 3 (3-7 %), and H 2 O vapour (36-70 %) . Clouds affect radiation differently compared with water vapor because they are composed of water or ice (BLAIS et al. 2005) .
Scientists have been tracing the average temperature of the world since the late 19th century. In the late 1950s, a few scientists began to inform the public that GHGs might become a problem in the future. Since the early 1980s, global warming and climate change have become topics of serious discussion not only within the scientific community but also among international and general political communities (CHEANG 1993) . Many scientists believe that climate change occurs because of an increase in the concentrations of main GHGs, which are found naturally in the Earth atmosphere and are emitted as a result of human activities (THE DISCOVERY OF GLOBAL WARMING (TDOGW) 2010). The industrial revolution brought about extensive agriculture, new industrial processes, and a rapid increase in the population of the world. The increase in human activities increased the concentration of GHGs in the atmosphere, causing a rise in temperature. The global mean temperature has increased by 0.3-0.6°C in the last 100 years, and warming has been accelerating at a rate of 0.15 since the mid-1970s. The temperature rise has adverse effects on living systems (HOPWOOD and COHEN 2008) .
Southeast Asia is a large source of several air pollutants because of the increasing anthropogenic emissions associated with biogenic emissions from large tropical forests. In addition, Southeast Asia is experiencing rapid economic growth and has become one of the most heavily populated regions in the world with a vibrant mixture of cultures (LAWRENCE 2004) . The greater oxidizing capacity in the tropical regions is caused by humidity, rapid development, higher UV intensity, and industrialization (STREETS et al. 2001) . Malaysia is considered one of the tropical countries in Southeast Asia. Industrialization, urbanization, and rapid traffic growth have significantly contributed to the economic growth of this country. Emissions from major industrial zones, trans-boundary pollution, and an increase in the number of motor vehicles created pockets of heavy pollution. Furthermore, Malaysia is situated in a humid tropical zone with high temperature and heavy rainfall MAHMUD and KUMAR 2008) . Cloudy conditions are an obstacle to the acquisition of high-resolution and high-quality satellite data.
Statistical and regression methods were used extensively to analyze the relationships between various meteorological parameters and gases. Multiple regression analysis (MRA) is the most common method employed in atmospheric sciences for expressing the dependence of a response variable on several independent (predictor) variables by fitting a linear equation to the observed data. MRA is one of the most familiar techniques utilized to obtain a linear input-output model for a given data set. This method is used in atmospheric sciences. Several studies have examined such relationship by a combination of statistical regression (SHI and HARRISON 1997; ABDUL-WAHABA and BAKHEITB 2005; AL-ALAWI et al. 2008; HASSANZADEH and HOSSEINIBALAM 2008) .
Aside from its negative effects on health, pollutants can cause environmental problems, especially in ambient air temperature. Therefore, in addition to temperature, changes in the GHGs of the atmosphere must be observed and accurately documented to assess and describe the environmental effect and climate change caused by increased GHG in the atmosphere. The information regarding the abundance of atmosphere parameters (gases) during the past three decades was acquired from many sources, such as sparsely distributed measurement sites, balloons, and airplanes. These sources cannot provide global or large-scale coverage and cost much money and strenuous efforts (ILLINGWORTH et al. 2011) .
Satellite remote sensing from space can provide such measurements over a plausibly short period and has very good global coverage, thereby increasing our capability to determine the influence of human activities on the chemical composition of the atmosphere and climate change (JASIM et al. 2011 ). The free-to-download satellite data provided by the Atmospheric Infrared Sounder (AIRS) instrument make it a useful space device for monitoring the Earth atmosphere. Over the past decade, the Tropospheric Emission Spectrometer (RINSLAND et al. 2006) , measurements of pollution in the troposphere (KMMONS et al. 2009 ), Interferometer monitor for Greenhouse Gases (KOBAYASHI et al. 1999) , and AIRS have successfully increased the global coverage and vertical information content of profiles through observations in the 4.7 lm spectral band.
AIRS is one of the several instruments aboard the earth observing system (EOS) aqua spacecraft, which was launched in May 2002; AIRS measures the integrated influence of numerous atmospheric molecules that absorb and emit radiation at different temperatures throughout the atmospheric path from the surface to the instrument from 705 km above the surface of the Earth. The AIRS and its two companion microwave instruments, namely, the Humidity Sounder for Brazil (HSB) and the Advanced Microwave Sounding Unit (AMSU), form the integrated atmospheric sounding system. Together, these instruments characterize and observe the entire atmospheric column from the surface to the top of the atmosphere in terms of surface emissivity and temperature, cloud height and density, spectral outgoing infrared radiation, atmospheric temperature, and humidity profiles (FISHBEIN et al. 2007 ). The AIRS instrument aims to provide new insights into weather and climate for the 21st century, obtain information regarding several GHGs, and study the water and energy cycle (MARSHALL et al. 2006) .
In this study, the MRA was used to develop a general algorithm for calculating the air surface temperature (AST) 
Materials and Methods

Study Area and Data Collection
Peninsular Malaysia has an area of 131,587 km 2 consisting of highland, floodplain, and coastal zones and is located from 1°to 7°latitude north and between 99°and 105°longitude east. Peninsular Malaysia is in the east of the Indonesian island of Sumatra, north of Singapore, and south of Thailand (Fig. 1) . The central dimensions of the study domain are 550 km E-W and 650 km N-S. The Titiwangsa Mountain separates the western part from the eastern part of and forms the backbone of Peninsular Malaysia. This mountain ranges from the MalaysiaThai border in the north, running approximately south-southeast over a distance of 480 km. Coastal lowlands surround the central high regions (SUHAILA and JEMAIN 2007) . Peninsular Malaysia is characterized by a humid tropical climate; the weather is humid and warm throughout the year. The temperatures range from 20 to 32°C. An air temperature of 38°C is rare in continental tropical areas. Excessive daytime temperatures are also not observed in this area. The days in such areas are often hot, and the nights are cool everywhere. The lowest average monthly temperature occurs from November to January, and the highest average temperature occurs from April to May and July to August in most places (DASIMAH BT OMAR 2009). The climate in Peninsular Malaysia is significantly affected by monsoons. This region experiences two rainy seasons throughout the year, which are associated with the southwest monsoon (SWM) from May to August and the northeast monsoon (NEM) from November to February. These monsoons have different influences on the atmospheric parameters in terms of the effects on climate or the amounts of pollutants they bring to Malaysia (WONG et al. 2009 ).
The main objective of the study is to develop algorithms for monthly AST throughout the year by Figure 1 The geographical features of the study area Vol. 171, (2014) Air The coverage of the Aqua Spacecraft is pole-topole, and the spacecraft covers the globe twice a day. The orbit is polar sun-synchronous with a nominal altitude of 705 km (438 mi) and an orbital period of 98.8 min. The platform equatorial crossing local times are 1:30 in the afternoon (ascending) and 1:30 in the morning (descending). The respective cycle period is 233 orbits (16 days) with a ground track repeatability of ±20 km. The AIRS is a ''facility'' developed by NASA as an experimental demonstration of the benefits of high-resolution infrared spectra to science investigations and advanced technology for remote sensing (PAGANO et al. 2006 ). The capability of AIRS/AMSU/HSB to supply simultaneous observations of the land surface, atmospheric and ocean surface temperatures of the earth, water vapor, cloud height and amount, albedo and greenhouse gas, and aerosols makes AIRS the most important EOS instrument for investigating several interdisciplinary issues in Earth science. In addition, the ability of AIRS to obtain water-vapor profiles and accurate temperature in the presence of clouds is based on the combined analysis of AIRS and AMSU data . The AIRS instrument incorporates numerous advances in infrared-sensing technology to attain a high level of measurement precision, accuracy, and sensitivity (PAGANO et al. 2003) .
The level 3 (L3) data were created from the level 2 (L2) data product by binning them in 1°9 1°grids. The L3 products are statistical summaries of geophysical parameters that were temporally aggregated and spatially re-sampled from lower level data products (e.g., L2 data) (YE et al. 2007 Generally, 186 monthly ascending L3 granules, 84 AIRX3STM 1°9 1°, and 84 AIRX3C2M 2.5°9 2°spatial resolution granules were downloaded from the AIRS website to obtain the desired output. In addition to AST data, data were collected for three environmental pollutant gases (O 3 , CH 4 , and H 2 O vapour ) from the standard monthly product AIRX3STM after conversion from 1°9 1°spatial resolution into 2.5°9 2°spatial resolution. These data, along with the original CO 2 concentration data from the standard monthly product AIRX3C2M 2.5°9 2°spatial resolution, were employed for the entire period (from January 2003 to December 2008) as a predictor (independent variables) to generate the AST algorithm (predicted AST value) by using the multiple linear regression method. The AST data were also acquired from the MMD. The data were collected in monthly intervals from January 2003 to December 2009 for the following five stations: Subang, Kota Bahru, Kuantan, Penang, and Johor. These in situ data were compared with the observed data from AIRS and an algorithm was developed to check the accuracy and efficiency of the equation.
Method of Analysis
Linear correlation and linear regression are the two most common methods used in the atmospheric sciences to demonstrate the relationship between variables; these methods have different purposes. The former is used to describe the relationship between two quantitative variables (x and y) and the strength of that relationship. The correlation coefficient (R) measures the strength of the relationship between two variables, whereas the coefficient of determination (R 2 ) shows the percentage of variations in the effect of the independent variables on the dependent variable. Regression methods measure the degree of relationship between these two variables (LANDAU and EVERITT 2004) . Regression analysis is the process of looking for predictors and determining how well they predict the future value. Regression analysis determines the mathematical equation to be employed to predict an outcome and is utilized to predict the future (the unknown) on the basis of the data collected from the past (the known). The analysis shows how the dependent variable will be influenced by one or more independent variables. The analysis with more than one independent variable is called multiple regression (GRIFFITH 2007) . The beta coefficient (b) gauges the change in the dependent variable in units of its standard deviation when the explanatory variable increases by one standard deviation. The standardization mean affected by values are independent of units and allows the comparison of influences across explanatory variables. The estimated regression (unstandardized coefficients) beta coefficient (b) explains the change in the dependent variable when the explanatory variable is elevated by one unit conditional when all other variables remaining constant. The unstandardized mean depends on the amount of the compound gauged by its unit (LANDAU and EVERITT 2004) . B was used in this study to develop the predictive algorithm for calculating the monthly AST over Peninsular Malaysia by employing the data for several gases. By using the multiple linear regression method, we examined statistically the relationships between AST and the data set. The multiple regression equation for a response variable y with monitor values y 1 , y 2 …y n , (where n is the sample size), is expressed as follows:
where q is the explanatory variables x 1 , x 2 …x q with observed values x 1i , x 2i …x qi for i = 1, …, n; B 0 is a regression equation constant; and B 1 , B 2 , B 3 , B 4 …B q are explanatory variable constants.
Additionally, in terms of b, multiple regressions were used to analyze the effect of gases on AST predictions.
Results and Discussion
3.1. Generating Algorithm AST with Standard AIRX3STM and AIRX3C2M data
As explained in Sect. 2.2, the regression analysis in terms of B was used for the entire period (2003) (2004) (2005) (2006) (2007) (2008) data in the study area to generate the algorithm AST for calculating AST. From Eq. 1, the formula is given as follows:
where B 0 is a regression equation constant; and 
These four pollutant gases have a strong relationship with AST, as indicated by the high correlation coefficient value (R = 0.783), and are strongly correlated, as indicated by the adjusted R 2 of approximately 0.0.612 for the time observations. The mean of the AST variation (61.2 %) was clarified by these independent four atmosphere pollutant gases (CO 2 , O 3 , CH 4 , and H 2 O vapour ). Separate multiple regressions were also carried out for the monthly average in 2003-2008 to find the relationship (R) between AST and gases for each monthly average. For this period, the pollutants (gases) were highly correlated with AST. The multiple regression results for the average monthly data are outlined in Table 1 in terms of b, R 2 , and R.
Regression Analyses of the Effect of GHGs on AST
As discussed in Sect. 2.2, MRA in terms of b was used, which explains the contribution of each gas in Vol. 171, (2014) Air Table 2 . This relationship is the result of the increase in air pollutants in the continent. A small to moderate amount of air pollution during the SWM season is carried by the marine air masses from the middle and low latitudes of the Indian Ocean in the Southern Hemisphere to continental Southeast Asia, in addition to the local large anthropogenic sources within continental Southeast Asia (POCHAN- ART et al. 2003) .
The CO 2 yields a reasonable relationship with temperature with low to moderate b values ranging from -0.065 to 0.238 and is statistically insignificant at the 0.05 level in most months. The burning of Clouds reduce the directbeam irradiance but increase diffuse irradiance, which penetrates the canopies more efficiently than direct-beam irradiance and increases the entire canopy carbon uptake. Therefore, any reduction in the total irradiance and increase in the cloud cover can be expected to reduce canopy-level carbon (see Table 2 ). Canopy photosynthesis was not significantly reduced during the NEM season in tropical rainforests, and the decrease in respiration led to an increase in CO 2 sequestration. During the SWM season, the increase in soil respiration and NEE decreased CO 2 sequestration. Table 2 shows the low b values in the NEM season, especially in November and December, even though the soil water content was higher in this period; the low b values were caused by the increased soil respiration during these months. Table 2 also shows moderate b values in the wet season, except in July, because of the effect of cloud cover (KOSUGI et al. 2008 ).
The overall AST in Peninsular Malaysia during the study period 2003-2008 was most affected by H 2 O vapour because of the warm and humid weather throughout the year. The O 3 has a strong to moderate influence on AST depending on the varying climate conditions, topography, and pollutant sources, whereas CH 4 has poor to moderate effects on AST depending on water table depth, temperature, topography, and climate regions. Aside from the burning of fossil fuels and deforestation, CO 2 also yields reasonable effects on AST, depending on NEE, CO 2 flux (Fc), and CO 2 storage (Fstorage), as well as soil respiration in different seasons.
Evaluation of Atmospheric Gas Values from AIRS Observation Data
To evaluate atmospheric gases over the study area, we selected the following five stations across Peninsular Malaysia: Subang, Penang, Kuantan, Johor, and Kota Bharu. The analysis results of the retrieved data for the above gases were obtained from AIRS ascending AIRX3STM and AIRX3C2 M L3 data. Figures 2, 3 
Comparison of Predicted AST with Observed AST from AIRS and In Situ Measurements
The predicted AST compared with in situ measurements and the observed AST from AIRS are The AST captured both the increase in AST in the early SWM season (May-July) and the dramatic drop in the AST in the early NEM season (NovemberJanuary). The moderate-to-strong El Niño during the SWM season was coupled with hot and dry conditions, resulting in a short period of haze (DEPARTMENT OF ENVIRONMENT (DOE) 2009). The AST differences between the predicted values and the observed AIRS are usually under 1.3 K, and the north-to-south AST differences are larger than the east-to-west differences over Peninsular Malaysia. The SWM season months involved less variability than in the NEM season months because of stable weather conditions. The differences are increased in the NEM season months as a result of influences of the north-westerly wind flow governed by the Siberian high (MAHMUD and KUMAR 2008; JUNENG et al. 2007 ). The effect of weather fluctuations on the variations is significant in the early NEM season months, as shown in Fig. 7 ; the differences in AST are as large as 2.2 K. Similar characteristics in AST and in situ AST measurements are shown in Fig. 7 . The measurements agree in the north-to-south transect to within 1-2 K except for the April-June period in Johor and Kuantan. The close suitability between AST in situ measurements and estimated from AIRS indicates the accuracy and efficiency of the regression algorithm AST (see Fig. 7) . Additionally, the differences between the three lines were wider in Fig. 7 , especially in Johor, Kuantan, and Kota Bahru stations; the differences from north to south were more than that from east to west. Thus, the differences may be caused by the loss of spatial resolution caused by the averaging and conversion of observed AIRS gases (O 3 , CH 4 , H 2 O vapour ) and AST data from 1°9 1°into a 2.5°9 2°spatial resolution.
Direct Comparison of AST with Observed AST from AIRS by Mapping
A direct comparison of the AST is straightforward by mapping. The predicted AST can be compared with the observed AST from AIRS through the same a priori profile for the two selected months of the SWM season (August) and NEM season (January). On the left side, Fig. 8 shows the maps of Peninsular Malaysia for the AST in January observed from AIRS (top), predicted AST middle, and the differences between the two measurements (AIRS-predicted AST, bottom). Similarly, the AST in August is shown on the right side. The differences between AIRS and predicted AST values for January range from 0.25 to 1 K and are smaller in the north than in the south. The differences were small in the inland and central regions (0.25-0.45 K), and the highest differences were on the south (0.5-1 K).
In August, the differences ranged from 0.8 to 2.2 K; the smallest AST differences were in the south at low latitude in Johor, when the AST values were moderate. We can conclude from the AIRS-predicted AST differences that the smallest differences between observed and predicted AST occurred in the pristine marine environment over the east coast. The highest differences occurred over industrial and congested urban zones, usually in the west coast, central, and southern regions when AST values were high.
Validation of AST with Observed AST from AIRS
The algorithm model with observed AST from AIRS should be validated to test the AST. The validations were conducted with a linear regression Figs. 9 and 10 . In all cases, the coefficient of the regressions was statistically highly significant (P \ 0.005). For regression algorithm AST, the distributions of the residuals were approximately normal with no detectable serial correlation, which indicates that adequate equations fit. Another indication of the regression algorithm efficiency and suitability was that the points tend to cluster along the 45 tangent lines. From Figs. 9 and 10, the results reveal that the regression algorithm AST is linearly, positively, and strongly correlated with the observed AST from AIRS in all graphs. If the observed AST increases, the predicted AST increase as well, and vice versa. These results indicate that the predicted AST is nearly the same as the observed AST. This strong high correlation shows accuracy and efficiency of the regression algorithm AST.
Conclusions
The concentration of GHGs in the atmosphere has increased since the start of the industrial revolution in the 19th century because of the continuous increases in anthropogenic emissions caused by industrialization, deforestation, and increased human activity. By considering the causes and effects of the rise in temperature, we can apply the appropriate methods to evaluate the amount of GHGs in the atmosphere and to evaluate their effects on temperature depending on These results show the advantage of using satellite data and MRA to investigate the effect of atmosphere GHGs on AST over the Malaysian peninsula. The validation and comparison conducted in this study successfully demonstrated the high accuracy of the regression algorithm, thus supporting the research. A Vol. 171, (2014) Air Surface Temperature Correlation with Greenhouse Gases 2009 regression algorithm AST can retrieve Peninsular Malaysia AST in all weather conditions; the total uncertainties range from 1 to 2 K. The study shows that satellite AIRS data can be used effectively to evaluate the atmosphere changes caused by GHGs. This study involved the western part of Malaysia and Southeast Asia, where the algorithm has been generated for this region.
